We prove high energy resolvent estimates for a class of generalized many-body Schrodinger operators. The proofs are based on an extension of Mourre's commutator method.
Let H=H 0 +V(g). If we impose the additional condition VJ(XJ)->Q as \Xj\ ->oo, then
H is a generalized many-body Schrodinger operator of the type considered in [2, 4] . Under this additional condition the structure of the spectrum is investigated by these authors. We do not need the decay condition here.
Let #(z; V(g)) = (H-z)~1 denote the resolvent. Let <^>=(1+% 2 ) 1/2 and let for s^R the weighted L 2 -space be given by
The bounded operators from L S (X) to L s> (X) are denoted by ^(s, s'). Let V 3 Communicated by H. Araki, July 26, 1988. * Matematisk Institut, Aarhus Universitet, DK-8000 Aarhus C, Denmark.
satisfy Assumption 1.1, n^l, and introduce sup (7/x,) + ^*,-7,7/x,).
(
1.3)
A special case of the main results can be stated as follows. We note that it is only the high energy estimate (1.4) which is new. The other results have been obtained in [10, 7] . 
The result (1.4) was obtained for k=Q with a large coupling constant g in [19] under Assumption 1.1 with n=2. High energy estimates for various k with fixed coupling constant was obtained for two-body Schrodinger operators in [16, 1, 9, 6] , and for general elliptic operators in [12, 13] . In [3] high energy resolvent estimates for two-body Schrodinger operators were obtained using a variant of Mourre's technique with a modified conjugate operator.
In this paper we combine the technique developed in [7] with the scaling argument from [19] . The main idea is the observation that the Mourre method for proving a priori resolvent estimates is constructive in the sense that constants in the estimates can be controlled explicitly, or parameter dependence can be followed precisely. See [5, 8, 15, 19] for other results using this observation.
The contents of the paper can briefly be described as follows: In Section 2 we state the precise resolvent estimates obtained using localizations based on the generator of dilations. In Section 3 we give the proofs. In Section 4 we prove Theorem 1.2 and related results. In Section 5 we give some semiclassical resolvent estimates, which are easy consequences of our other results. Section 6 contains a different approach to constructive resolvent estimates for Schrodinger operators with potentials that are homogeneous functions. Let Vj satisfy Assumption 1.1 for some n^l. Throughout this paper we use the following condition for all 2>Q and
The constants d and C Q are assumed fixed throughout the paper. The dependence of various constants in estimates on d and C Q will not be mentioned explicitly.
For two-body Schrodinger operators (i.e. N=l and X 1 =X) the condition (2.4) implies the non-trapping condition on the corresponding classical system, see e.g. the comments in [15] . 
We prove the results of Section 2. The first step is the following result. for all ^>0 and all
To prove the estimates (50, (5f) and (Cj) in Proposition 3.2 we use the fact that the Mourre technique is constructive in the sense that constants in the estimates can be controlled explicitly, and parameter-dependence can be followed. In particular, since the constant l-l/d in the estimate (3.3) is uniform in ^>0 and g^R^ satisfying 'SjLigj^V^^l/d, we get the required uniformity in the estimates in Proposition 3.2. This follows from a careful examination of the proofs in [11, 14, 10, 7] . For the estimate (5i), see also the computations in Section 6 and the paper [19] , where closely related computations can be found. In the paper [8] similar computations are given for Stark effect Hamiltonians. For the estimates (5f) and (ci) in Proposition 3.2 one has to go through the details of the proof in [7] , These detailed computations are long, but straightforward, and will not be given here. We only note that in the proof of (5f) the first step is to establish the estimate for s>l with c uniform in 1 and g as above. D § 4. Microlocal Resolvent Estimates
In this section we prove resolvent estimates using localizations given by pseudodifferential operators. These results extend those obtained in [7] for the two-body case, and include high energy estimates. We shall give the proof of the first result in detail, and then sketch the proofs of the remaining results.
Let Wi)=(x 2 +b z )~1 /2 for b^l. This weight function was used in the proofs in [1] , but the dependence on b was not made explicit, as in (4.3). The constant dependence for the estimate (4.3) was obtained in [19] in the case 1=1.
The operator //is bounded below. 
4).
Proof. It suffices to prove the result for s=0 and s=l, and then use complex interpolation. For s=Q the estimate is obvious. For s=l the result follows by commuting x and (H+d)' 1 . Due to the assumption on the coupling constant we have <* Proof. Let z=>H-£e. Write the resolvent as 7?(z) to simplify the notation. Iterating the first resolvent equation
R(z)=(z+d)R(-d)R(z)+R(-d)
we obtain for any integer k^l l R(--dy. The first and third factor in the first summand are estimated using Lemma 4.1. The second factor is estimated using Theorem 2. The proofs of Theorems 4.5 and 4.6 follow the line of those in [7] , if one keeps track of the parameter dependence of the constants in the estimates. The details are omitted.
We conclude this section with an extension of Theorem 4.2 in the two-body case. Let H= Ho+gV+icU, g>0, £>0, where V satisfies Assumption 1.1 for some n 0^2 on Xi=X, and U satisfies for some /3>0 d» 0 (£7)=sup (( \x | +l)»o-i+* | £/(*) | )< oo . 
Proof. Using (2.5) we find for H(h) and A(h)
The other estimates are obtained in the same manner. D [20, 15, 5] . In [20] results on powers of the resolvent have also been obtained. Note that our estimate (2.11) is stronger than the result obtained in [20] The behavior in A for large and small 1 is optimal. Notice in particular that one obtains a decay rate OU~1 /2 ) as ^-^oo, even though the potential has a local singularity at zero. The result above can be extended in several ways. We can obtain estimates for powers of the resolvent, and we can add a bounded potential with a decay rate O(\x\~2) as |*|-»oo and obtain the same resolvent estimates and decay in energy at infinity as above although getting explicit constants requires somewhat lengthy computations.
If one replaces the weight function w with (l+;t 2 )~s /2 , s>l/2, one has to use a number of iterations depending on the size of s-1/2. Thus one cannot obtain explicit constants in that case. One can however investigate the 1-dependence, and one finds analogous results.
The above result answers some questions in the paper [18] . Further results will be given elsewhere. § 7. Remarks Remark 7.1. The technique developed here can also be applied to higher order operators. To compare with the results in [1, 13] This follows as in the proof of Theorem 4.2, where we now take v=A 1/m . The power of 1 for 1=1 is the same as was found in [1, 13] . 
